T HE LEFT MAIN coronary artery is that short segment of the left coronary artery before its bifurcation to the anterior descending and circumflex branches. The anterior descending and circumflex branches nourish the anterior and lateral surfaces of the left ventricle including the apex and the interventricular septum. Patients with severe stenosis of the left main coronary artery are in jeopardy of massive myocardial infarction and death. Such patients are frequently symptomatic with angina pectoris that is both progressive and poorly responsive to the usual forms of medical management. We have taken an aggressive approach to the management and treatment of patients with this potentially lethal problem. This report presents our experience with direct surgical therapy in the treatment of patients with severe stenosis of the left main coronary artery.
Methods Patient Population
Fifty-six patients with severe stenosis of the left main coronary artery underwent coronary bypass surgery during a two year period between January 1970 and December 1971. Patients with hemodynamically significant valvular heart disease or with left ventricular aneurysm were excluded from the study.
The age of the patients ranged from 39 to 66 years with an average age for the group of 55 years. Fortyseven patients were males and nine were females.
All patients had typical symptoms of angina pectoris. Forty-two of the 56 patients (75%) had unstable anginal symptoms. Unstable angina pectoris was defined as the recent onset or worsening of angina within a six month period or angina decubitus. Twelve patients (21%) had nocturnal angina. All patients were treated with short and long acting coronary vasodilators (nitrites) and many patients had received propranolol in various dosage schedules. Disabling symptoms of angina pectoris persisted in all patients despite medical therapy. Only three patients (5%) had objective evidence of congestive heart failure, which was readily managed with digitalis and oral diuretics. In two patients, life threatening ventricular arrhythmias were documented preoperatively; in one, ventricular tachycardia was precipitated by a Master's stress test.
LEFT MAIN CORONARY STENOSIS Catheterization Studies
Prior to anigiography, right and left heart catheterization was performed. An ZEFT ET AL. than 75% stenosis in at least one area of the anterior descending and circumflex coronary arteries was present in 34 and 32 patients respectively (table 1) . Of the 56 patients, 26 patients had severe associated disease of both the anterior descending and circumflex branches of the left coronary artery. Seventeen additional patients had severe associated disease of either the anterior descending or circumflex branches. Thirty-seven patients had severe disease and greater than 75% stenosis of the right coronary artery. Only three patients had isolated disease of the left main coronary artery.
Preoperative Left Ventricular Function (Table 2) Twenty-one patients had normal preoperative ventriculograms (Class I) and seven patients had mild impairment of contractility (Class II). Fifteen patients had moderate or severe impairment of contractility of either the anterior or the posterior wall of the left ventricle (Class III) and 12 patients had moderate to severe impairment of both walls (Class IV).
Cardiac index at rest measured in 44 patients was greater than 2.5 L/min/m2 in 30 patients (68%) and less than 2.5 L/min/m2 in 14 patients. Left ventricular end diastolic pressure recorded in 53 patients was less than 12 mm Hg in 35 patients (66%) and greater than 12 mm Hg in 18 patients. Cardiac index ranged from 1.5 L/min/m2 to 5.0 L/min/m2 (average, 2.9 L/min/m2) and left ventricular end diastolic pressure ranged from 2 mm Hg to 34 mm Hg (average, 12 mm Hg).
Coronary Surgery A total of 134 bypass grafts were performed in 56 patients (table 3) . Bypass grafts to the left anterior descending coronary artery were performed in 53 patients. In 50 patients, this was carried out with a saphenous vein bypass and in three patients by direct anastomosis of the left internal mammary artery to the anterior descending coronary artery. Figure 2 illustrates patent grafts to the left anterior descending and dominant left circumflex coronary arteries in a 53-year-old man one year after bypass surgery. This patient had severe angina pectoris and a 90% left main coronary stenosis preoperatively. The patient is asymptomatic one year after surgery. Postoperative left coronary arteriograms demonstrated progression of the left main coronary artery disease to virtually total occlusion in three of the 31 patients. In each instance, patent bypass grafts to the anterior descending and circumflex coronary arteries were demonstrated. These three patients were asymptomatic following surgery, and postoperative ventriculograms demonstrated preserva- Of the 50 patieints surviving surgery, 48 patients (96%) are alive 12 to 36 months postoperatively with an average interval of clinical follow-up of 24.5 months. Thirty-eight patients (76%) are totally asymptomatic. Seven patients (14% ) have angina pectoris but are much improved symptomatically since surgery. Only three patients (6%) continue with severe angina and have had nio significant improvement. In these three patients, continued severe angina could be explained by closure of the majority of bypass grafts (three of five grafts Figure 3 Selective left coronary arteriograns in the RAO and LAO views in a patient with severe left main coronary stenosis (LM) one year after bypass surgery. Figure 2 illuistrates patent grafts in this patient. Patients who have diffuse coronary artery disease involving the distal branches are less likely to benefit from coronary bypass surgery. The technical difficulties in performing anastomoses into small, diffusely diseased arteries and the poor run-off in such vessels adversely influences long-term graft patency. A previous study from our institution by Walker et al.13 has shown that blood flow in the grafts, measured at surgery, was a valuable means of predicting long-term graft patency. It is important to carefully evaluate the distal vessels on preoperative selective coronary arteriograms. In the present study, involving patients with severe left main coronary stenosis, it was not necessary to reject any patients because of diffuse distal coronary disease. In each patient in this study at least one suitable graft to a major branch of the left coronary artery could be carried out.
The overall patency of 83% for the 75 grafts in 31 patients studied postoperatively compares favorably with other studies of graft patency.12 13 Moreover, the 91% graft patency in 34 grafts to the left anterior descending coronary artery or its diagonal branch is most encouraging. Nine patients who had surgery in 1970 had a "Y" graft to the anterior descending and circumflex coronary arteries with a single aortic ostium. Both limbs of the "Y" graft were found to be widely patent in four of five patients who had postoperative angiography. Walker et al. 13 have found that long-term patency results with subsidiary branches of the "Y" graft were less promising than with other aorto-coronary vein grafts. Subsequent to these studies, which were performed at our institution, the "Y" graft has been abandoned except in an occasional patient with severe arteriosclerosis of the thoracic aorta in whom multiple aortic anastomoses might be a technical problem.
Patients with critical left main coronary artery stenosis are in jeopardy of suffering massive anterolateral myocardial infarctions, which may result in either death or severe left ventricular dysfunction with congestive heart failure. One patient in this series underwent emergency surgery in the early stages of an acute myocardial infarction. He Circulation, Volume XLIX, January 1974 A large population of patients with left main coronary stenosis followed on medical therapy is not available. Three of nine unoperated patients reported by Lavine et al.9 died within one month of coronary arteriography. In another group of 10 patients with 50% or greater left main coronary stenosis, who did not have surgery, there was a 50% mortality with an average follow-up of 25 months.8 From these small series and the clinical impression of most investigators, the long-term outlook for patients with severe left main coronary stenosis on medical treatment alone is not good. On the other hand, there have been 27 surgical survivors, combined from two previous studies,8 ' 9 followed from five to 18 months with no late deaths. In our series, 50 patients survived coronary bypass surgery and 48 patients (96%) are alive from 12 to 36 months postoperatively with an average follow-up interval of 24.5 months. Furthermore, all but three of the survivors are improved clinically and 76% are asymptomatic from a cardiac standpoint. To date, these long-term survival statistics would appear to indicate a favorable result from surgery in this severely symptomatic and unstable population of patients with coronary artery disease.
